Abstract As shown in the previous studies, asymmetric dimethylarginine (ADMA) is related to endothelial dysfunction, whereas high-sensitive C-reactive protein (hCRP) is the marker of inflammation. In our study, we investigated ADMA, hCRP, and homocysteine concentrations in women with gestational diabetes mellitus (GDM) and normal glucose tolerance (NGT) during late pregnancy. Fifty-four women with GDM and 69 women with NGT between 32 and 39 weeks of gestation were included in this study. ADMA, hCRP, homocysteine, lipid parameters, glycated hemoglobin (HbA1c) levels, insulin, and homeostasis model assessment for insulin resistance (HOMA-IR) were measured. The plasma ADMA concentrations were significantly higher in GDM patients than in NGT subjects (P = 0.03) and the hCRP levels were also significantly increased in GDM group when compared with those in the NGT group (P = 0.008). However, plasma homocysteine levels did not differ between the groups (P = 0.4), while HOMA-IR, insulin, and triglyceride levels were higher in the GDM group than in the NGT group (P = 0.001, 0.002, and 0.02, respectively). The ADMA concentrations in the third trimester were positively correlated with the glucose levels the 50-g glucose challenge test (GCT) during 24-28 weeks in the whole group (r = 0.21, P = 0.02). Our results demonstrate that ADMA and hCRP are elevated in women with GDM during late pregnancy. Further studies are needed to clarify the significance and the underlying mechanisms of the elevated ADMA and hCRP levels in women with GDM.
Introduction
Pregnancy is a state of insulin resistance, which emerges in the second trimester and is most prominent in the late third trimester. In some predisposed women, whose pancreas' functions cannot overcome insulin resistance, gestational diabetes mellitus (GDM) is manifested [1] . GDM is defined as the abnormal glucose metabolism, first diagnosed during pregnancy, and is one of the most common complications of pregnancy [1, 2] . Subjects who have a history of GDM are shown to have endothelial dysfunction [3, 4] , elevated cardiovascular risk [1] , and are also at increased risk of developing impaired glucose tolerance or type-2 diabetes [1] . Moreover, recent evidence suggests that cardiovascular risk is increased in previous GDM even if they do not have metabolic abnormality [5, 6] .
Atherosclerosis is one of the most common causes of mortality and morbidity. Pathogenesis of atherosclerosis includes endothelial dysfunction, inflammation, and elevated levels of homocysteine and lipids [7] . Nitric oxide (NO) is an endothelium-derived vasoactive mediator, which is produced by NO synthase from L-arginine. As such, NO is considered to be an anti-atherosclerotic molecule [8] . Asymmetric dimethylarginine (ADMA) has been found to be an endogenous inhibitor of NO synthase [9] . ADMA can cause endothelial dysfunction by inhibiting NO synthesis [10] , and it is known that this inhibition underlies one of the main pathogenesis of cardiovascular disease [11, 12] and is associated with type-1 diabetes before the development of vascular complications [13] . Additionally, high-sensitive C-reactive protein (hCRP) and homocysteine levels are also considered to be atherosclerosis-related markers. Homocysteine is an amino acid synthesized by demethylation of methionine, and increased homocysteine levels are found to be associated with atherosclerosis [14] . hCRP is an important marker of inflammation and the results of a recent study suggest that inflammation may also be an underlying pathophysiological mechanism of GDM, which is associated with insulin resistance [15] . ADMA and hCRP were found to be the best predictors of the increased intima media thickness in patients with chronic renal failure [16] . In type-2 diabetic patients, ADMA both predicted and elevated the predictive value of CRP in cardiovascular disease [17] .
The ADMA levels measured after delivery were shown to be increased in women with previous GDM, when compared with the control subjects [18] . In a follow-up study of GDM patients, elevated ADMA concentrations after delivery were found to be associated with deterioration in glucose tolerance in women with previous GDM [19] . To our knowledge, the study by Telejko et al. [20] is the only published study that investigated the ADMA levels in GDM patients during pregnancy and compared the ADMA levels among second trimester GDM, normal glucose tolerance (NGT), and non-pregnant healthy control subjects. They found that the ADMA levels were not significantly different between GDM and NGT groups; however, both the groups had lower ADMA levels than nonpregnant healthy subjects, and the authors explained this difference as a normal adaptation to pregnancy [20] .
In this study, our aim is to investigate the circulating ADMA levels and other atherosclerosis markers involving hCRP, homocysteine levels, and lipid parameters in women with GDM when compared with women with NGT during late pregnancy.
Patients and methods

Subjects and study design
A total of 123 pregnant women from Obstetrics and Gynecology and Endocrinology Departments, comprising 54 GDM women with a mean age of 29.70 years (age range: 17-40 years) and 69 NGT women with a mean age of 28.60 years (age range: 18-40 years), between 32 and 39 weeks of gestation were included in this study. All obstetrical and personal information were obtained using a questionnaire. The mean gestational weeks for GDM and NGT women were 35.53 ± 0.23 and 36.37 ± 0.22 weeks, respectively. The mean body mass index (BMI) of the GDM group was 29.59 ± 0.58 kg/m 2 and that of NGT group was 28.66 ± 0.47 kg/m 2 (P [ 0.05). A total of 115 pregnant women underwent 50-g glucose challenge test (GCT) between 24 and 28 weeks. Oral glucose tolerance test (OGTT) with 100-g glucose was performed in subjects with 1-h glucose level [140 mg/dl in GCT. GDM was defined if two or more abnormal values were observed in OGTT (normal glucose values are: fasting \95, 1-h \180, 2-h\155, and 3-h\140 mg/dl) according to the diagnostic criteria of the American Diabetes Association [1] . All the subjects in the control group were rechecked using fasting blood glucose (FBG) and 1-h post-prandial glucose (PPG) level in the late third trimester, and their FBG and PPG levels were 74.05 ± 1.11 and 105.4 ± 2.8 mg/dl, respectively. The exclusion criteria were defined as any systemic disease known to affect ADMA and inflammatory markers, recent infection, chronic hypertension, gestational-induced hypertension, preeclampsia and eclampsia, pregnancies of assisted reproductive techniques, recent betamethosone use, and multiple pregnancies. None of the pregnant women were in active labor. A total of 48 GDM women were treated using diet only, while 6 women were treated using both insulin and diet. This project was approved by Local Ethical Review Board of Zekai Tahir Burak Women's Health Hospital, and informed consent was taken from all the participants.
Sample analyses
Laboratory tests included determining the levels of ADMA, hCRP, homocysteine, total cholesterol, low-density lipoprotein (LDL), high-density lipoprotein (HDL), triglycerides (TG), serum fasting glucose, insulin, and glycated hemoglobin (HbA1c) (only for diabetic patients). PPG were also performed 1 h after the meal. The blood samples were collected after an overnight fasting, and were immediately separated and stored at -80°C until for ADMA analysis. The plasma ADMA levels were measured by high performance liquid chromatography (HPLC)-fluorescence detector using the method described by Chen et al. [21] , while serum hCRP was measured using highsensitive immunoturbidimetric assay (Roche Modular P automated clinical chemistry analyzer, Roche Diagnostics GmBH, Mannheim, Germany). Furthermore, plasma homocysteine levels were measured by competitive immunoassay method using the Immulite homocysteine kit (Siemens, Los Angeles, California) on an Immulite analyzer, and HbA1c levels were measured using turbidimetric inhibition assay (Roche Diagnostics GmBH, Mannheim, Germany). Serum glucose levels were measured with standard enzymatic methods (Roche Diagnostics GmBH, Mannheim, Germany), and serum concentrations of total cholesterol, HDL-cholesterol, and TG were measured by enzymatic calorimetric method using commercially available kits (Roche Diagnostics GmBH, Mannheim, Germany). LDL-cholesterol levels were calculated using the Friedewald equation, and insulin levels were measured by immunoradiometric assay (sandwich-type assay) using an insulin IRMA kit (Immunotech, Prague, Czech Republic). Furthermore, insulin sensitivity was determined using the homeostasis model assessment for insulin resistance (HOMA-IR), calculated as [serum glucose level (mmol/l) 9 insulin lIU/ml)/22.5]. For each pregnant woman, the BMI was calculated as weight in kilograms divided by height in meters squared. Folic acid levels were measured by competitive immunoassay method and Vitamin B12 levels were measured using solid phase, competitive chemoluminescent enzyme immunoassay method (Immulite Folic acid-Siemens and Immulite VitB12-Siemens).
Statistical analysis
In this study, the statistical analysis was performed using the SPSS version 15.0. The data were expressed as mean ± standard error of mean (SEM), unless specified otherwise. To determine whether differences existed between the groups, Mann-Whitney U test was employed, and P values below 0.05 were considered to be statistically significant. For univariate correlation between continuous variables, Spearman coefficients were used. Correlation analysis between the parameters was carried out for the whole group and GDM and NGT groups separately. Multivariate analysis was performed using Enter regression analysis, and before the analysis, the non-normally distributed data were logarithmically transformed.
Results
Some demographic and biochemical characteristics of the pregnant women with GDM and NGT are presented in Table 1 . The plasma ADMA concentrations were significantly higher in GDM patients than in NGT patients (1.37 ± 0.11 (median 1.1) vs. 1.08 ± 0.07 (median 0.89) lmol/l, P = 0.03) (see Fig. 1 ). The serum hCRP levels were also significantly elevated in GDM patients (9.43 ± 1.13 (median 6.8), 6.31 ± 0.69 (median 4.8) mg/l, respectively, P = 0.008). However, plasma homocysteine concentrations did not differ between the groups (5.20 ± 0.30 (median 4.9) vs. 5.62 ± 0.34 (median 5.2) lmol/l, P = 0.4). Furthermore, HOMA-IR and insulin levels were significantly higher in GDM group than in NGT group (5.23 ± 0.91 vs. 3.13 ± 0.45, P = 0.001 and 24.40 ± 3.27 vs. 16.80 ± 2.25 lIU/ml, P = 0.002, respectively). The TG levels were also significantly elevated in the GDM group (272.98 ± 17.76 vs. 231.00 ± 9.84 mg/dl, P = 0.02), while the ADMA levels were not different between the GDM patients who were treated with diet and diet plus insulin (1.37 ± 0.12 vs. 1.35 ± 0.36 lmol/l, P = 0.6).
The Spearman correlation analyses of ADMA, hCRP, homocysteine, and the selected variables are summarized in Tables 2 and 3 . As shown in Fig. 2 , the ADMA levels in the third trimester were positively correlated with 1-h glucose at 50-g GCT levels during 24-28 weeks in the whole group (r = 0.21, P = 0.02). Spearman correlation did not show any correlation between ADMA levels and age, gestational week, BMI, prepregnancy BMI, FBG, PPG, hCRP, HbA1c, insulin, HOMA-IR, TC, TG, HDLcholesterol, and LDL-cholesterol levels of the GDM group and control group (P [ 0.05). In the NGT group, the ADMA levels were positively correlated with the homocysteine levels (r = 0.28, P = 0.03).
Homocysteine levels were positively correlated with age (r = 0.20, P = 0.03) and TC (r = 0.21, P = 0.02), and negatively correlated with folic acid levels (r = -0.36, P \ 0.001) in the whole group. Furthermore, the homocysteine levels were negatively correlated with folic acid (r = -0.61, P \ 0.001), positively correlated with 1-h glucose at 50-g GCT (r = 0.27, P = 0.04) and ADMA concentrations (r = 0.28, P = 0.03) in the NGT group, and positively correlated with TG (r = 0.31, P = 0.02) in the GDM group. By using multiple regression analysis with log homocysteine as the dependent variable and age, folic acid, log TG, log ADMA, and log 1-h glucose at 50-g GCT, we found negative relationship between log homocysteine and folic acid levels (ß = -0.29, P = 0.004) and log TG levels (ß = 0.21, P = 0.03) (r 2 = 0.15 and R = 0.39).
The hCRP levels were correlated with BMI in both the GDM (r = 0.30, P = 0.03) and NGT groups (r = 0.30, P = 0.01) as well as the whole group (r = 0.32, P \ 0.001). Furthermore, there was a positive correlation between the hCRP levels and prepregnancy BMI in the whole group (r = 0.19, P = 0.04). In the GDM group, the hCRP levels were positively correlated with HbA1c (r = 0.46, P \ 0.001).
Discussion
Our study showed that the plasma ADMA concentration were higher in women with GDM than NGT during pregnancy between 32 and 39 weeks of gestation. In a recent study, the second trimester ADMA levels were compared between GDM and NGT subjects, where GDM patients had slightly higher ADMA concentrations than NGT subjects; however, a significant difference could not be determined [20] . As our study was performed during late third trimester, which is a relatively advanced and hence a more insulinresistant period of gestation, this might be the underlying mechanism responsible for higher ADMA levels in the GDM group. In addition, Mittermayer et al. [18] also showed that previous GDM women had increased ADMA levels even at a short time, such as 14-16 weeks, after delivery than NGT women. However, after a median of 2.75 years of follow-up, they found decreased ADMA concentrations irrespective of the changes in glucose tolerance [19] . ADMA, which is related with endothelial dysfunction, has been suggested as a marker of cardiovascular disease [8, 12] . Knock et al. [22] demonstrated the endothelial dysfunction in the subcutaneous arteries of GDM patients. Women with GDM may manifest short-term endothelial dysfunction during late pregnancy, which is manifested as transient hypertension [1] . As our study did not include any hypertensive subjects, increased ADMA concentration in late third trimester with Data were expressed as mean ± standard error of mean (SEM)
GDM gestational diabetes mellitus, NGT normal glucose tolerance, ADMA asymmetric dimethylarginine, hCRP high-sensitive C-reactive protein, BMI body mass index, HOMA-IR homeostasis model assessment for insulin resistance, FBG fasting blood glucose, PPG post-prandial blood glucose, 50 g GCT blood glucose levels after 1 h 50-g glucose challenge test, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides P [ 0.05 statistically non-significant, * P \ 0.05, ** P \ 0.01 GDM patients might be related with endothelial dysfunction, even if they are not hypertensive. Although ADMA levels did not correlate with FBG and PPG in late third trimester, we found a positive correlation between ADMA levels in the late third trimester and 1-h 50-g GCT values during 24-28 weeks. This positive correlation was statistically significant even though it was not too strong. However, we are unable to determine the exact pathological mechanisms that cause this relationship. Nevertheless, it is presumed that high glucose concentrations might increase the ADMA concentration by impairing the activity of the ADMA degrading enzyme, dimethylarginine dimethylaminohydroxylase (DDAH) [23] . DDAH activity can also be reduced in vitro by oxidative stress [23] . GDM has been linked to increase in free-radical formation [24] , which might increase the ADMA level by inhibiting the DDAH activity [23] .
We investigated the relationship between ADMA levels and HOMA-IR, because the relationship between insulin resistance and NO has been observed [25] . It has been demonstrated that inhibition of NO syntheses provokes insulin resistance [26, 27] , and insulin sensitivity is associated with the release of NO [28, 29] . However, we did not find any association between ADMA, as an endogenous NO inhibitor, and HOMA-IR.
Furthermore, the homocysteine levels did not differ between the GDM and NGT groups in our study. Some researchers found similar homocysteine levels between two groups [30] , but in other investigations, a statistically significant difference in homocysteine levels between GDM and NGT group [31, 32] has been observed. Tarim et al. [32] found a relationship between homocysteine and 50-g GCT. In our study, plasma ADMA concentrations were positively correlated with homocysteine only in the NGT group. Homocysteine increases ADMA levels probably by inhibiting the DDAH activity [10, 33, 34] , and hyperhomocysteinemia has been found to cause higher ADMA levels [33, 34] . However, in our study, the only factors related to homocysteine levels in multiple regression analysis were serum folic acid and TG levels.
Some previous studies demonstrated a relationship between GDM and inflammatory mediators [35, 36] . We found that hCRP level, which is a marker of inflammation, was significantly higher in the GDM group than the NGT group during late pregnancy. Wolf et al. [36] carried out a prospective study, in which they compared the inflammatory markers including CRP and leukocyte count during first and second trimesters, and found that the first-trimester CRP levels were significantly increased among women who subsequently developed diabetes. Leipold et al. [37] measured the CRP levels during OGTT between the 24th and 28th weeks of gestation, and between the 37th and 38th weeks of gestation, and found that GDM was related to increased CRP level during the third trimester, but not at the time of diagnosis in the second trimester. In their study, the CRP level was correlated with BMI, which is in agreement with our results. According to our results, hCRP was correlated only with the BMI in the whole group and HbA1c in the GDM group (HbA1c was only analyzed in the GDM group). In addition, we did not find any relationship between ADMA and hCRP levels, which were the atherosclerosis-related markers in our study. This result is similar to a study carried out on healthy pregnant women, in whom a correlation between ADMA and hCRP levels could not be observed in the third trimester [38] .
We showed that the GDM group had higher TG levels than the NGT group. In line with our result, Tarim et al. [32] reported increased TG levels in GDM during the second trimester. Another study indicated that TG levels ADMA asymmetric dimethylarginine, hCRP high-sensitive C-reactive protein, BMI body mass index, HOMA-IR homeostasis model assessment for insulin resistance, FBG fasting blood glucose, PPG post-prandial blood glucose, 50-g GCT blood glucose levels after 1 h 50-g glucose challenge test, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides P [ 0.05 statistically non-significant, * P \ 0.05, ** P \ 0.01 Bold values indicate statistically significant relationships were elevated in pregnancies complicated by diabetes, including GDM [39] . In addition, we found no significant differences in plasma lipids in our previous study, although we found increased levels of small dense LDL in women with GDM during the second trimester [40] . Thus, it can be concluded that plasma ADMA and serum hCRP concentrations are increased in women with GDM during late pregnancy. Our results might imply that endothelial dysfunction and inflammation, which have different mechanisms in atherosclerosis pathogenesis, occur independently in women with GDM during late pregnancy. However, further studies are needed to clarify the significance and the underlying mechanisms of the elevated ADMA and hCRP levels in women with GDM. Furthermore, whether or not the atherosclerosis begins to develop in women with GDM during late pregnancy must be clarified as well. GDM gestational diabetes mellitus, NGT normal glucose tolerance, ADMA asymmetric dimethylarginine, hCRP high-sensitive C-reactive protein, BMI body mass index, HOMA-IR homeostasis model assessment for insulin resistance, FBG fasting blood glucose, PPG post-prandial blood glucose, 50-g GCT blood glucose levels after 1 h 50-g glucose challenge test, TC total cholesterol, LDL-C low-density lipoprotein cholesterol, HDL-C high-density lipoprotein cholesterol, TG triglycerides P [ 0.05 statistically non-significant, * P \ 0.05, ** P \ 0.01 Bold values indicate statistically significant relationships 
